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MODEL EXPERIMENTS OF INFRARED SUPPRESSOR FOR
HELICOPTER EXHAUST SYSTEM

ZHANG Jing-Zhou, LI Li-Guo, GAO Chao
(College of Energy and Power, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: A series of mode experiments for the infrared signature suppression (IRSS) device used in the helicopter gas tur-

- bine exhaust system were carried out to investigate the effects of ambient air pumping-mixing and heat shelter-insulation on de-
creasing the target infrared signature and quest for the infrared signature similarity between two scaled models with different -
scale factors. The results show that (1) Ambient air pumping-mixing plays a dual role for reducing the exhaust temperature
and mixing duct temperature and this role is more obvious in the case of larger mass flow ratio of secondary flow to primary
flow. Sheltering from the hot mixing duct wall makes the sheltering sheath temperature close to ambient temperature in case of
the sheltering distance greater than 20mm. (2) Ambient air pumping-mixing contributes about 85% suppression for the total
target infrared radiation intensity and heat shelter-insulation contributes about 10% suppression again. (3) While the primary
flow velocity, temperature and pressure are at the same condition for different scaled models, the irradiances for different
scaled models are almost the same and the infrared radiation intensity is almost proportion to the square of model scale factor.
Key words:infrared radiation; infrared signature suppression; mixer-ejector; helicopter exhaust system
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Table 1 Structural parameters of experimental models
LI K3 FAR)
LA R R KAER UNEEY
d, (mm) 45 150 75
o al®) 25 35 35
H  h(mm) 13.5 50 25
b(mm) S 15 1.5
y(°) 30 30 30 -
T () 60 60 60
g d.(mm) 30 100 50
d, (mm) 100 300 150
& B [(mm) 100 170 85
#a B(C°) 25 35 35
2E s(mm) 0~35 0/30 Vs
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Fig.3 Mass flow ratio vs block area ratio
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Computation and Validation of Parameter Effects
on Lobed Mixer Ejector Perfor mances

ZHANG Jing-zhou, SHAN Yong, LI Liguo
( College of Energqy and Power Engineering, Nanjing University of
Aeronautics and Astronautics, Nanjing 210016 , China)

Abstract :  Three- di mensional numerical computation of the flow fields and pumping performances for
the lobed mixerejector are conducted using full Navier Stokes equations. In the computation, the inlet
of the primary flow uses the mass flowrate boundary condition. The inlet of the second flow and the out-
let of the mixing flow use the pressure boundary condition. Compared with the relative experi mental re-
sults , it is shown that the present calculation is reasonable . And a series of numerical studies is performed
to obtain the effects of area ratio and length-to-diameter ratio of mixing duct on pumping coefficient and
thermal mixing efficiency of a lobed mixerejector.
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The mixerejector is an efficient fluid dyna mic
device consisting of a high velocity primary jet issu-
ing from a nozzle into a mixing duct that is open at
both ends. When the primary jet mixes out to fill
the larger area cross-section of the mixing duct, the
turbulent shear layer entrains a secondary flow. As
a result of this mechanism, the ejector mixers are
widely used in aeroengine exhaust system for jet
noise reduction, thrust augmentation, infrared ra-

diation, Suppression and so on' 31

Mixerejector
performances are typically expressed as the ratio of
the secondary to primary mass flow rate @and the
mixing efficiency or mixing uniformity .

A relatively large number of experimental and
analytical studies, which capture the funda mental
aerodyna mic phenomena of the lobed mixerejector

nozzle , have been performed *''!. The mixerejec
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tor nozzles are designed to entrain large amounts of
secondary flow through an array of lobed chutes
with convoluted trailing edge that are deployed into
the primary stream . These lobed chutes alternating
which

rapidly mix the primary and secondary flow togeth-

misalignment cause streamwise vortices
er. The rapid internal mixing of the two streams
lowers the static pressure at the nozzle exit and re-
sults in pumping capacity aug mentation .

However, the knowledge about the effects of
design parameters and geometric configuration on
the mixerejector performances are not enough by
now . Furthermore, the atte mpt to seek a reason-
able method for predicting the pumping capacity of
the mixerejector is also important. For this rea-
son , analytical design tool is a key aspect to the

successful design process, which not only saves ex-



<194 -

ZHANG lJingzhou, SHAN Yong, LI Lrguo CJA

pensive and time-consuming by test compared to
CFD analysis , but also is helpful to obtain detailed
insight of the flow physics in the mixerejector noz-
zle solely from test data.

To the authors’ s knowledge , the numerical
simulation of mixerejector pumping capacity is a
challenging problem for the reason that the sec
ondary flow is driven solely by the primary entrain-
ment . In the early time , the pumping capacity pre-
diction is based on 1- D mixing ana]ysis“z] in which
conservation of mass flow rate, momentum, and
energy are enforced. This method may predict the
ideal limit for giving no consideration on the effects
of the wall friction and nor uniformity of the mix-
ing process . Zhang and Shan''*! made an improve-
ment by using 1- D ejector pumping relationship and
full Navier Stokes equations. Firstly, the ideal
pumping coefficient was determined based on the 1-
D ejector pumping relationship. Then the coeffi-
cients in the 1- D ejector pumping relationship were
corrected according to the velocity distribution and
wall friction resulting from the calculation of
Navier Stokes equations . So the final pumping co-
efficient was obtained by repeating the above pro-
cess until the residual was satisfied. From the com-
parison between the computation results and exper
imental data, it was concluded that this method is
reasonable in predicting the mixerejector pumping
capacity .

The objective of this paper is to present a nu-
merical computation and validation of pumping and
mixing characteristics for lobed mixerejector based
on Fluent-CFD software with the use of full
Navier- Stokes equations and twoequation turbu-
lence model . Especially it focuses on the research of
boundary condition assignments at the inlet and
outlet plane, to seek the reasonable treatment for
determining the mixerejector pumping capacity .
And a series of mixing duct parameters are varied,
such as the diameter and length, to obtain better
insight into the influences of mixing duct para me-
ters on lobed mixerejector performance and com-

pared with experi mental data.

1 Experimental Description

The mixerejector test facility is shown
sche matically in Fig.1 . The primary flow is high
pressure cold air supplied by the air compressor. It
flows through a duct with diameter 80 mm. After
being heated by the combustor, the primary stream
with high velocity and te mperature enters the lobed
nozzle . The lobed nozzle has 12 lobes distributed u-
niformly in circu mferential direction ( Fig.2) . The
lobe height h =28 mm, lobe width b=7.2 mm
with the sides being parallel to each other, lobe
length I, = 80 mm with the expend angle of the
lobe is 20° . The secondary stream is entrained to a
larger chamber through two ducts having standard
bell mouth inlet located up and down of the cham-
ber. The two flows mix in the mixing duct with
constant area section and then exhaust to the ambr

ent.

Secondary flow

Standard bell-
mouth inlet

Primary flow

S

Combustor

Lobed
nozz

Mixing duct

Chamber

Mixing flow

Fig .1  Sche matic of test facility

/ﬁ—L

Fig.2 Simplified mixerejector configuration

The primary mass flowrate m, is measured by
a standard orifice plate flowneter located in the pri-
mary air supply pipe upstream of the combustor.
The primary total pressure and temperature are
measured by pressure and te mperature probes re-
spectively . The secondary mass flowrate my is de-
termined by static pressure in the standard belk
mouth inlet .

The temperatures of mixing flow at mixing
duct exit are measured by te mperature probes . And
the static pressure holes on the mixing duct wall are

aligned in two lines corresponding to lobe peak and
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lobe trough in circumference respectively .

In the present work, the parameters of lobed
nozzle are constant, a series mixing duct parame-
ters are varied by changing the diameter and length

of the mixing duct.

2 Numerical Procedure

2.1 Computation region

As the experimental model is axial-sy m metric ,
only half of the physical model is chosen as compu-
tational region( Fig.3) . The unstructure grids are
used in the present computation and refine grids are
placed near the solid wall . From CFD test it is ap
peared that 417 249 grid points are adequate for
solving the mixing related features of the flow
field, as well as determining the pumping charac

teristics of the mixerejector.

Secondary
flow inlet

Primary

S flow inlet

duct outlet

; Secondary
flow inlet

Fig .3 Sche matic of computation model

2.2 Boundary conditions

The governing equation in general form is

_d 1 7 1 -
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The turbulent viscosity is defined as
n = c, /€ (2)

The coefficients in the above equations are de-
termined by RNG k- € model ' .

The boundary conditions required for the mix-
erejector calculation are the mass flowrate and
te mperature of the primary, ambient pressure and
te mperature .

Flowrate boundary type is used at the primary
flow inlet , with the mass flux 0.108 kg/s and te m-

perature 620 K.

Pressure boundary types are used at the sec
ondary flow inlet and mixing flow outlet, with
pressure 101 325 Pa and te mperature 300 K. The
derivations of all the variables along stream wise di-
rection are set as zero.

The velocities at the wall are set as zero and
the adiabatic wall condition is applied to the energy
equation. The wall law is used to treat k and €
near the wall.

Symmetry boundary condition is e mployed at
the central plane .

The convergence degree for velocities, k and

£is chosen as 10 *, for te mperature is 10° ¢

3  Results and Discussion

3.1 Comparison of computation and experi ment
A comparison of the calculated and measured

te mperature radial distributions''®]

at the mixing
duct exit for the case of the area ratio A=3 .3 ( Ais
defined as the area ration of mixing duct area to
nozzle area) and the length-to-diameter ratio
L/ D=1 is shown in Fig.4. The te mperatures are
the average values in radial direction among the fan
section from lobe peak to lobe trough. This com-
parison de monstrates reasonably good agree ment
between the computed and measured results , which
indicates that the computational procedure in the
present work is reliable to simulate the mixing flow

fields .
650

600 [ o

—e— calculated

550 F o measured
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Temperature/K

450
400

350 ¢ o

r/R

Fig.4 Comparison of calculated and measured

te mperature radial distributions

The comparison of the measured and calculat-
ed mixing duct static pressure distributions in the
case of A=3 .3 and L/ D=1 is shown in Fig.5.
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Fig .5 Static pressure distributions on mixing duct

The pressure coefficient define as
Cr=(p- pun)/(0.5pu}) 3)

It is found that there are good agree ments be-
tween the measured and calculated values in the
lobe peak or trough section. The static pressure
near the nozzle exit is lower and then increases
gradually to ambient pressure .

Fig .6 shows the comparison of the calculated
and measured pumping ratio for different area ra-
tios of mixing duct.

D= my/ m, (4)
here m; is the secondary massflow and m, is the

main massflow .
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Fig .6 The relationship of pumping ratio vs area ratio

From the comparison, it is seen that the cal-
culated values are some greater than the corre-
sponding experimental values and the tendency for
@ Ais the same. The maximum relative disagree-
ment is about 20 % in the little area ratios. It
see ms that, the disagree ment between the calculat-
ed and measured values is acceptable and realistic .
Firstly, the computational model is “ideal” while
the “sophisticated” factor, including the s mooth of

solid wall , conjugate between the test section and

manufacture accuracy of the real experimental mod-
el , are not considered. Secondly , the difference be-
tween the calculated mixing flow fields and real
mixing flow fields also contributes the disagree ment
between the calculated and measured pumping ratio
values . Generally, the present computational pro-
cedure for predicting the pumping ratio of mixere-
jector is satisfactory .
3 .2 Parameter effects on performances

Fig .7 shows the calculated te mperature radial
distributions at the mixing duct exit for the case of
the area ratio 3 .3 and the length-to-diameter ratio
0.8-2.5. As the length-to diameter ratio increases
with the area ratio being constant, the maximum
temperature at the centerline of the mixing duct
decreases and the minimum temperature near the
wall increases . The uniformity of the te mperature
radial distribution also reflects the mixing efficiency

of the mixerejector.
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Fig.7 Temperature radial distributions at

mixing duct exit ( varying length)

In order to evaluate the thermal mixing state
quantitatively , the thermal mixing efficiency is de-

fined as
[TO'Sdm- 7% m, - 5 m
PR my 4 ) - ooy 04 m, )

where T is the static te mperature and Ty is the

IZ:

P

te mperature of fully mixed flow.
The thermal
mixing length in the case of A=3.3 and L/ D=1

mixing efficiencies along the

are shown in Fig.8. As x/L increases, the ther
mal mixing efficiency increases rapidly, showing
that the thermal mixing efficiency is increasing . It

is obvious that the streamwise vortices have an im-
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portant role on enhancing rapidly mixing the pri-
mary and secondary flow together and reducing the

core te mperature of primary flow .

S
>
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Thermal mixing efficiency 7
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Fig .8 Thermal mixing efficiency vs axial distance

Fig .9 shows the variation of the thermal mix-
ing efficiencies at the mixing duct exit for different
mixing duct lengths and area ratios , respectively .
It is shown from Fig .9(a) that the thermal mixing
efficiency increases along with the increased length
of the mixing duct for a giving value of mixing duct
area ratio, which indicates that the increase of
mixing duct length have a benefit to enhance the
thermal mixing efficiency . This mixing character

istic is continent with the pumping feature , and for
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(a) Thermal mixing efficiency vs area ratio
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Thermal mixing efficiency 7
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Mixing duct length /L
(b) Thermal mixing efficiency vs mixing duct length

Fig.9 Thermal mixing efficiency at the mixing duct exit

a giving mixing duct area ratio, the improve ment
of mixing efficiency is corresponding to the en
hance ment of pumping capacity .

For a giving value of mixing duct length, the
relationship of thermal mixing efficiency vs mixing
duct area ratio is more complicated than the former
Fig .9 (b) . On the cases of short mixing duct
length, the increase of area ratio (i.e., the in
crease of the mixing duct diameter) induces the re-
duction of the thermal mixing efficiency. On the
cases of long mixing duct length, the increase of
area ratio causes the up-down process of the ther
mal mixing efficiency . As known that the pumping
capacity is associated with both mixing efficiency
and secondary flow area, so the mixing characteris-
tic is not continent with the pumping feature in the
case of varying mixing duct area ratio.

A series of computations for determining the
effects of area ratio and length-to- diameter ratio on
the pumping capacity are shown in Fig.10. It is
seen that there is a peak pumping ratio value to
correspond one A for a giving mixing duct length
and the Acorresponding to the peak pumping ratio
increases as the mixing duct length increases . This
feature is continent to the research by Skebe et

al[]S]

performance design for the particular mixerejector

which indicates that there is an optimum

system .
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Fig .10  Effects of mixing duct parameter on pumping

ratio
4 Conclusions

Numerical computation and validation of the
flow fields and pumping performances for the lobed

mixerejector are conducted using full Navier
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Stokes equations . In the computation, the inlet of
the primary flow uses the velocity boundary condi-
tion, and the inlet of the second flow and the outlet
of the mixing flow use the pressure boundary con-
dition. Compared with the relative experimental
results, it is shown that the present calculation is
satisfactory for predicting pumping capacity of mix-
erejector.

The mixerejector performances with variation
of the area ratio and length-to dia meter ratio of the

mixing duct are also de monstrated .
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